
(19) United States 
US 2003O225199A1 

(12) Patent Application Publication (10) Pub. No.: US 2003/0225199 A1 
Breunig et al. (43) Pub. Date: Dec. 4, 2003 

(54) COMPOSITION (E. G. INK OR WARNISH) (30) Foreign Application Priority Data 
WHICH CAN UNDERGO CATIONIC AND/OR 
RADICAL POLYMERIZATION AND/OR Mar. 25, 1997 (FR)............................................ 97/03916 
CROSSLINKING BY IRRADIATION, BASED 
ON AN ORGANIC MATRIX, A SILICONE 
DLUENT AND A PHOTOINITIATOR 

(76) Inventors: Stefan Breunig, Vienne (FR); 
Jean-Marc Frances, Meyzieu (FR) 

Correspondence Address: 
RHODA INC. 
CN-7500 
259 Prospect Planis Road 
Cranbury, NJ 08512 (US) 

(21) Appl. No.: 10/404,694 

(22) Filed: Apr. 1, 2003 

Related U.S. Application Data 

(63) Continuation of application No. 09/922,614, filed on 
Aug. 6, 2001, now abandoned, which is a continua 
tion of application No. 09/381.888, filed on Feb. 15, 
2000, now abandoned. 

Publication Classification 

(51) Int. Cl." ..................................................... C08L 83/00 
(52) U.S. Cl. .............................................................. 524/588 
(57) ABSTRACT 
The invention aims at improving Such compositions by 
proposing a non-toxic diluent harmless to reactivity and by 
making these compositions translucent, free from metallic 
impurities and capable of constituting light-polymerisable 
Varnish with good properties of ductility for leveling and 
Surface coating. This aim is achieved by the invention which 
proposes a composition comprising an organic polymeris 
able matrix A, containing cyclo-aliphatic epoxide resins or 
not, acrylates, alkenyl-ethers or polyols, a Silicon diluent B 
with viscosity less than 100 MPas, a radical and/or cationic 
(onium salt) photoinitiator C, optionally a light-sensitising 
material D, a pigment E and another additive F., provided 
that when A is a cyclo-aliphatic epoxide resin, B has a metal 
concentration not more than 100 ppm. The invention also 
concerns the use of the Silicon diluent B for preparing a 
composition croSSlinkable by cationic and/or radical pro 
ceSS, under UV radiation, in the presence of a photoinitiator 
(ink or varnish). 
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COMPOSITION (E. G.INK OR WARNISH) WHICH 
CAN UNDERGO CATIONIC AND/OR RADICAL 
POLYMERIZATION AND/OR CROSSLINKING BY 

IRRADIATION, BASED ON AN ORGANIC 
MATRIX, A SILICONE DILUENT AND A 

PHOTOINITIATOR 

0001. The field of the invention is that of photopolymer 
Systems which can be crosslinked and/or polymerized by 
irradiation, and in particular by UV irradiation or by a beam 
of electrons, and which can be used in particular to form 
coatings, Such as inkS or varnishes. 
0002 These compositions are of the type comprising an 
organic matrix whose constituents bear functions that are 
reactive in polymerization/crosslinking, as well as a photo 
initiator which, after absorbing energy, for example UV 
energy, releases a strong acid: H (cationic route) or a free 
radical (radical route). Cationic photoinitiators thus allow 
the initiation and propagation of cationic chain polymeriza 
tions, whereas radical photoinitiators (PIs) allow the trig 
gering of chain polymerizations by formation of free radi 
cals. 

0003) In certain applications of coatings or inks (or even 
of dark varnishes), additives are used, Such as pigments, 
which are capable of appreciably increasing the Viscosity of 
the compositions, to Such a point that they can no longer be 
Spread and manipulated. It goes without Saying that these are 
unacceptable drawbacks for the applications under consid 
eration. To overcome this, diluents have been incorporated 
into these compositions in order to reduce their viscosity. 
0004. In the case of clear varnishes, diluents or co 
reagents are Sought which are capable of improving the 
flexibility of the coatings, without reducing the reactivity of 
the Systems. 
0005 The diluents most commonly used to date in pho 
topolymerizable ink or varnish compositions are products of 
vinyl ether type (in particular divinyl ether) or of limonene 
type (in particular epoxidized limonene). 
0006 Although these products satisfy a certain number of 
Specifications required in the technical Specifications for the 
diluent, i.e., in particular, the miscibility with the organic 
matrix or the organic resin, the transparency or the inexpen 
Sive nature, these known diluents fail as regards consider 
ations of environmental protection, Safety and industrial 
constraints. 

0007. The reason for this is that these products are 
particularly volatile (relatively low flash point, of less than 
or equal to 110° C.), toxic, or even hazardous, since they are 
explosive and flammable. These known diluents, of the vinyl 
ether or epoxidized limonene type, are moreover irritants 
and Sensitizing agents. 

0008. In addition, they do not make it possible to achieve 
Sufficiently high rates of polymerization, which would allow 
the concentrations of photoinitiator to be reduced, thereby 
greatly easing the Strain on the cost of the compositions. 
0009 Photopolymerizable coating compositions com 
prising organic cycloaliphatic polyepoxides combined with 
an C,0)-epoxycycloaliphatic functionalized siloxane, present 
in an amount which allows acceleration of the crosslinking, 
are moreover known from patent application EP 0389927. 
The photoinitiators used are onium Salts. 
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0010 This composition is presented as having an 
improved speed of crosslinking. The C,c)-cycloaliphatic 
epoxy-functional Siloxane is thus used as a polymerization 
accelerator for polymerizable coating Systems, based on 
UV-polymerizable cycloaliphatic polyepoxides. That patent 
application discloses, in particular, compositions based on: 

0011 3,4-epoxycyclohexylmethyl 3,4-epoxycyclo 
hexylcarboxylate, which constitutes the polymeriz 
able matrix, 

0012 an agent for reducing the energy required for 
the photopolymerization, Said agent consisting of 
C,c)-3,4-epoxycyclohexyl-1-ethyldimethyldisilox 
ane, and 

0013 a photoinitiator consisting of (4-octyloxyphe 
nyl)phenyliodonium hexafluoroantimonate as a Solu 
tion in 2-ethyl-1,3-hexanediol. 

0014. The drawback of compositions of this type is their 
turbid, coloured, and thus non-transparent appearance. They 
moreover contain a significant amount of metal, which is not 
foreign to the problem of absence of translucency and 
transparency and, what is more, is liable to disrupt the 
polymerization mechanism. 
0015 C,c)-Epoxy dimethyldisiloxanes are moreover 
known as monomers that can undergo cationic polymeriza 
tion under UV, in the presence of photoinitiators of the 
onium salt type. The article by Crivello published in J. 
Polym. Sci. Part A. Polym. Chem., 1994, Vol. 32, 683-697 
deals with this Subject and shows that the cycloaliphatic 
epoxide functions are more reactive in cationic polymeriza 
tion under UV than conventional epoxide functions. 
0016. The article by R. P. Eckberg & K. D. Riding dans 
Polym. Mater. Sci. Eng., 1989, 60, 222-7 discloses the 
cationic polymerization/crosslinking, under UV activation 
and in the presence of a photoinitiator of the onium Salt type, 
of mixtures of C.co-epoxy dimethyldisiloxanes (MM) with 
cycloaliphatic epoxides of formula: 

(CY 179) 

0017 According to that document, the MM has no 
pronounced effect on the efficacy of the rate of polymeriza 
tion/crosslinking for MM" concentrations of less than 45% 
by weight relative to the MM/CY 179 mixture (FIG. 1). 
0018. Such concentrations are not of a nature to promote 
the use of MM, since this additive cannot be predominant 
in the formulation, Since it would otherwise make the 
polymer/reticulate unsuitable for the applications for which 
it is intended (e.g. antiadhesive paper coating, varnish, inks). 
0019 What is more, the crosslinked products obtained 
from such MM/CY 179 mixtures suffer from the major 
drawback of being brittle, which is unacceptable in a good 
many applications. 
0020 Finally, these compositions are also affected by 
turbidity and metal contamination defects, in much the same 
way as the compositions according to EP 0389 927. 
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0021. The unavoidable conclusion is that the prior art 
does not Suitably Satisfy the Specifications expected of 
compositions that can be polymerized and/or crosslinked by 
irradiation, Such as those intended for ink and varnish 
applications. In particular, the prior art does not disclose, or 
even Suggest, means (diluents) for controlling the Viscosity 
of photopolymerizable pigmented inks which are not toxic 
and which do not have a harmful effect on the reactivity of 
the composition. 

0022. Similarly, in the field of photopolymerizable clear 
Varnishes, no inoffensive additives exist which are capable 
of improving the flexibility of the coatings, the Spreading or 
the Surface State, without at the same time impeding the 
photopolymerization and/or crosslinking. 

0023. It should also be noted that the prior art does not 
provide a Satisfactory Solution as regards, on the one hand, 
the problems of transparency and translucency, and, on the 
other hand, the presence of metal impurities, in the photo 
polymerizable compositions under consideration. 

0024 Finally, the prior art presents an even greater dearth 
in the case of polymerization reactive functions which are 
not epoxy but, for example, either alkenyl ether (e.g. vinyl 
ether)—via the cationic route-, or acrylate or hydroxyl 
via the radical route. 

0.025 In this state of knowledge, one of the essential aims 
of the present invention is to overcome the existing defi 
ciencies by providing compositions that can undergo cat 
ionic and/or radical photopolymerization, which Satisfy the 
expectations of their fields of application, in particular as 
regards inkS and varnishes. 

0026. With this set objective, the Applicant Company 
has, to its credit, on the one hand, isolated and Selected a 
Silicone compound of the functionalized di- or oligosiloxane 
type, and, on the other hand, used this compound in a novel 
manner as a diluent in photopolymerizable compositions, for 
example in inks or varnishes. 

0.027 Accordingly, the invention, which is the subject of 
the present application, is a composition which can undergo 
cationic and/or radical polymerization and/or crosslinking 
by irradiation, preferably actinic irradiation and/or with (a) 
beam(s) of electrons, characterized in that it comprises: 

0028 A. at least one polymerizable organic matrix 
and/or at least one partially polymerized organic 
matrix, comprising (co)monomers and/or (co)oligo 
mers and/or (co)polymers chosen from those con 
taining epoxy (O) and/or acrylate (C2) and/or alk 
enyl ether (C) and/or hydroxyl (C) reactive 
functions (frA), with the exclusion of cycloaliphatic 
epoxides (C.1) 

0029 B. at least one silicone diluent with a reduced 
viscosity mr at 25 C. of less than or equal to 200 
mPa.s, preferably less than or equal to 150 mPa.s, 
and even more preferably less than or equal to 100 
mPa.S, and comprising: 

0030) 
Z-Si-(R'), Osa 

at least one unit of formula (I): 
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0031) in which: 
0032) a=0, 1 or 2, 
0033 R is identical to or different from the 
radicals similar thereto with the same exponent 
and represents an alkyl, cycloalkyl, aryl, Vinyl, 
hydrogeno or alkoxy radical, preferably a C-C, 
lower alkyl, 

0034 Z is an organic substituent comprising at 
least one epoxy and/or acrylate and/or alkenyl 
ether and/or hydroxyl reactive function frE, 
with the condition that at least a portion of the 
functions frB is of the same nature as at least a 
portion of the functions fra of the matrix A, 

0035) 
0036 C. an effective amount of at least one cationic 
and/or radical photoinitiator, 

and at least two Silicon atoms, 

0037 D. optionally, at least one photosensitizer, 
0038 E. optionally, at least one pigment, 
0039 F. optionally, at least one other additive. 

0040. Apart from the case in which the matrix A com 
prises compounds bearing reactive functions frA of the 
cycloaliphatic expoxide type, the choice of the Silicone Bas 
diluent for the composition is of a nature to Solve the 
problems of Viscosity in dark inks and Varnishes, and of 
flexibility, spreading or sliding in clear Varnishes that can 
undergo cationic and/or radical photopolymerization, under 
UV. 

0041. In addition, the diluent B, used in accordance with 
the invention, has the advantage of being cost-effecitve, 
non-toxic, non-irritant and non-Sensitizing and thus easy to 
handle. Furthermore, this diluent B does not disrupt either 
the transparency or the reactivity of the photopolymerizable 
composition. 
0042. It is moreover surprising to note that the concept, 
according to the invention, of a functionalized Silicone 
diluent containing a di- or oligosiloxane skeleton is appli 
cable not only when the reactive functions frA of the matrix 
are of epoxy type (cationic route), but also when frA= 
alkenyl ether (cationic), frA=acrylate or fra=epoxy (radical 
route). 
0043. It should be noted that, for frA=OH, the condition 
according to which the compound(s) of the said matrix 
comprise(s) at least 2 OH per molecule must be respected. 
In this case, these compounds will be polyols. 
0044 According to one variant of the invention, in which 
the cycloaliphatic epoxides are not excluded from the list of 
possible constituents for the matrix A, it is preferred to use 
a diluent B which has a metal concentration of less than or 
equal to 100 ppm, preferably less than or equal to 50 ppm 
and even more preferably less than or equal to 20 ppm. 
004.5 This specific feature of the purity of the diluent B 
gives the composition transparency and translucency prop 
erties that are particularly valuable for applications in Var 
nishes, or even in inkS in certain cases. 
0046 Accordingly, even more preferably, the diluent B is 
Selected Such that it has a coloration of less than or equal to 
200 Hazen, preferably less than or equal to 150 Hazen and 
even more preferably less than or equal to 100 Hazen, this 
diluent B being, in addition or alternatively, Soluble to a 
proportion of at least 5%, preferably at least 10% and even 
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more preferably 20% by weight in the matrix A, this 
percentage of Solubility being expressed relative to the mass 
of the matrix A rather than of the mixture A+B. 

0047 According to another advantageous feature of the 
invention, the silicone diluent B is obtained by hydrosily 
lation of a Synthon bearing an ethylenically unsaturated 
function and a function frA using a hydrogenated Silicone 
oil, in the presence of a heterogeneous catalytic composition 
comprising at least one metal chosen from the group con 
sisting of Co, Rh, Ru, Pt and Ni, deposited on an inert 
Support. 

0.048. In this method for obtaining the diluent B by 
hydrosilylation, the silicone oil is reacted with different or 
identical Synthons containing a hydrocarbon-based ring 
which includes an oxygen atom. This reaction is carried out 
in the presence of a heterogeneous catalytic composition 
comprising a metal chosen from the group consisting of 
cobalt, rhodium, ruthenium, platinum, palladium and nickel 
deposited on an inert Support. Preferably, the metal in the 
catalytic composition is platinum. 

0049. The amount of metal contained in the heteroge 
neous catalytic composition is between 0.005% and 5% 
relative to the weight of the inert Support. This amount of 
metal is also between 1 and 1000 ppm relative to the weight 
of the silicone oil. 

0050. By convention, the expression "heterogeneous 
catalytic composition” means a catalytic composition which 
may be solid or liquid and which is not dissolved in the 
reaction medium, i.e. the reaction medium comprises at least 
two phases, one of which is formed by the catalytic com 
position. 

0051. The metal is deposited on a variety of inert Sup 
ports Such as carbon black, charcoal, alumina, treated or 
untreated Silica, barium Sulphate or crosslinked Silicones. 
Advantageously, the particle Size of the catalytic Supports is 
greater than 10 um in order to have good filterability without 
the need for filtration adjuvants. Thus, this particle size is 
Such that the filtration time can be reduced considerably. 

0.052 The synthons contain at least one hydrocarbon 
based ring which includes an oxygen atom, and have the 
formula: 

(I) 
• (1) 

-CH and/or 
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-continued 

1. 
\ - O 

O 

0.053 in which: 
0054 the symbols Ware identical or different and 
correspond to a divalent hydrocarbon-based radi 
cal chosen from linear or branched alkylene radi 
cals containing from 1 to 12 carbon atoms, it being 
possible for one of the symbols W to be a free 
Valency; 

(II) 

0.055 the symbol Y corresponds to a free valency 
or a divalent radical chosen from linear or 
branched alkylene radicals containing from 1 to 12 
carbon atoms, and which can contain a hetero 
atom, preferably an oxygen atom; 

0056 the symbol R corresponds to a hydrogen 
atom or a monovalent hydrocarbon-based radical 
chosen from linear or branched alkyl radicals 
containing from 1 to 12 carbon atoms and, pref 
erably, corresponds to a hydrogen atom or a 
methyl radical; 

(III) 
• (2) 

N 
Y 

R1 

() and/or 
OEC CEO 

(IV) 

0057 in which: 
0.058 the symbols Ware identical or different and 
correspond to a divalent hydrocarbon-based radi 
cal chosen from linear or branched alkylene radi 
cals containing from 1 to 12 carbon atoms, it being 
possible for one of the symbols W to be a free 
Valency; 

0059 the symbol Y corresponds to a free valency 
or a divalent radical chosen from linear or 
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branched alkylene radicals containing from 1 to 12 
carbon atoms, and which can contain a hetero 
atom, preferably an oxygen atom; d (4) (VII) 

an 

0060 the symbol R corresponds to a hydrogen 
atom or a monovalent hydrocarbon-based radical 
chosen from linear or branched alkyl radicals 
containing from 1 to 12 carbon atoms and, pref- O 
erably, corresponds to a hydrogen atom or a 
methyl radical; O 

(V) O 
• (3) 

R1 

N 0.066 in which: 
I and/or 0067 the symbols Ware identical or different and 
/CR correspond to a free Valency and a divalent hydro 
W W carbon-based radical chosen from linear or 

O branched alkylene radicals containing one or two 
(VI) carbon atoms: 

R1 s 

0068 the SVmbol Z corresponds to a divalent y p 
I radical chosen from a carbon atom and a hetero 

atOm. 
CH 
/N 

W W 0069 Preferably, the hydrocarbon-based ring in which 
\ m f the hvdrogen atom is included comprises not more than 8 HC-CH ydrog p 
/ \ atoms in Said ring. Furthermore, the best results in accor 
WQ-W dance with the hydrosilylation process of the invention are 

O obtained with Synthons containing only one hydrocarbon 
based ring in which an oxygen atom is included. In particu 

0061 in which: lar, the Synthons used which give good results (see the 
examples below) have the formula: 

0062 the symbols W are identical or different and 
correspond to a divalent hydrocarbon-based radi 
cal chosen from linear or branched alkylene radi- n (VIII) 

cals containing from 1 to 12 carbon atoms and 
possibly containing at least one hydroxyl function; 
it being possible for one of the symbols W to be O, 
a free valency for (V) and the two symbols W can 
simultaneously be a free valency for (VI); 

0063 the symbols W are identical or different O 
and correspond to a divalent hydrocarbon-based (IX) 
radical chosen from linear or branched alkylene S 
radicals containing from 1 to 12 carbon atoms, it 
being possible for at least one of the symbols W. 
to be a free Valency; 

0064 the symbol Y corresponds to a free valency 
O, 

={X=0. 
O 

or a divalent radical chosen from linear or 
branched alkylene radicals containing from 1 to 12 
carbon atoms and possibly containing a hetero 
atom, preferably an oxygen atom; 

(X) 

0065 the symbol R corresponds to a hydrogen (XI) 
atom or a monovalent hydrocarbon-based radical — 
chosen from linear or branched alkyl radicals O 
containing from 1 to 12 carbon atoms and, pref- O, 
erably, corresponds to a hydrogen atom or a 
methyl radical; 

O 
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-continued 
(XII) 

S 

O O, 
O 

(XIII) 

OFC CFO, 
no1 

(XIV) 
O 

O 

(XV) 

(XVI) 

O N-1N 

O 

(XVII) 
O and 

1. N 

0070. In general, the synthons which react with the 
Silicone oil are identical Synthons. The molar ratio of the 
silicone oil/synthons is between 0.01 and 100, preferably 
between 0.1 and 10. 

0071. Different types of heterogeneous catalytic compo 
Sitions can be used. 

0.072 Non-limiting examples of such compositions 
which can be used are platinum on carbon black or on 
charcoal, Such as the catalytic composition containing 2.5% 
by weight of platinum deposited on the support CECA 2S, 
developed by the company CECA, the catalytic composition 
SCAT 20 (1% Pt) from the company Engelhard or the 
catalytic composition 88 231 (1% Pt) from the company 
Heraeus. In this case, the platinum can be deposited on this 
type of Support by deposition of chloroplatinic acid followed 
by neutralization and reduction. Similarly, the use of plati 
num on alumina preferably of C. type, Such as the catalytic 
composition CAL 101 (0.3% Pt, SCS9 support consisting of 
C.-alumina) Sold by the company Procatalyse or the catalytic 
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composition 88823 from the company Heraeus (0.5% Pt on 
C.-alumina) gives good results. 

0073. This process for obtaining the diluent B used in the 
composition according to the invention can be carried out 
according to a number of variants. It is thus possible in 
particular to make use of a first embodiment in which all of 
the reagents and the catalytic composition are mixed 
together in the reaction medium (“batch' type). A second 
embodiment of this proceSS can be a continuous mode with 
a fixed bed of heterogeneous catalytic composition over 
which pass the Silicone oil to be functionalized and the 
Synthon. This type of embodiment is advantageous when the 
grain size of the inert Support of the catalytic composition is 
greater than 100 um. 

0074 An exemple of the first embodiment is given 
below: 

0075) (a) an amount of 5 to 5000 ppm, preferably from 
10 to 1000 ppm, of heterogeneous catalytic composi 
tion relative to the total mass of the reagents is intro 
duced into the reaction medium under inert gas, 

0076 (b) the synthon is introduced into the reaction 
medium; 

0077 (c) the said medium is heated to a temperature of 
between 25 C. and 200° C., preferably between 50° C. 
and 160° C.; 

0078 (d) the silicone oil is then introduced over a 
period of between 0 and 24 hours, preferably between 
2.5 and 5 hours; the Synthon/silicone molar ratio being 
between 1 and 1.10. 

0079 (e) the reaction mass is then filtered in order to 
Separate the heterogeneous catalytic composition and 
the functionalized Silicone oil; and 

0080 (f) the functionalized silicone oil is finally freed 
of volatile material. 

0081. This process can be carried out in bulk, which 
means that the reaction between the Silicone oil and the 
Synthon is carried out in the absence of Solvent. However, 
many Solvents, Such as toluene, Xylene, octamethyltetrasi 
loxane, cyclohexane or hexane, can be used. 

0082 Moreover, the molar amount of synthon added 
during step (b) is less than that which is used for a standard 
process of the prior art. Advantageously, the Synthon/sili 
cone oil molar ratio is between 1 and 1.05, without having 
a harmful effect on the quality of the functionalized oils 
obtained or on the reaction yield. 

0083) The filtration step (e) makes it possible, where 
necessary, to remove all trace of turbidity from the func 
tionalized Silicone oil obtained. Moreover, the heteroge 
neous catalytic composition can be recovered and then 
reused, without regeneration being needed, with or without 
Washing, and without any Substantial decrease in its perfor 
mance levels being detected. 

0084 AS regards the preferred structural properties of the 
diluent B, it should be noted that this diluent corresponds to 
at least one of the following general formulae: 
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(I.1) 
(frB).(R), Si-O-(frB),(R)SiOH-T 

0085 in which: 
0.086 T-R or Si(R), (frB), 
0087 x+y=3; X=1 to 3; y=0 to 3; 

0088 b+c=2; b, c=0, 1 or 2; 
0089 u+v=3; u, v=0 to 3; 
0090) 0sns 15, 
0091 R and R are identical or different and cor 
respond to the same definition as that given above for 
R" in formula (I), C-C lower alkyl and/or alkoxy 
radicals being particularly preferred as radicals R 
and Ra, respectively, 

0092 frB being as defined above in the passage 
which concerns the substituent Z of formula (I), 

times H-st p 
in which: 

(I.2) 

0093) 

0094) d--e=2; d=1 or 2; e=0, 1 or 2; 
0.095 o+ps 15, preferably s 10; oa1; 

0096) R' and Rare, respectively and together, iden 
tical to or different from each other and correspond 
to the same definition as that of R given above. 

0097. The reactive functions frB of the diluent B which 
are more particularly used in the context of the invention are 
of epoxide, Vinyl ether or acrylate nature. More specifically, 
these functions frB are chosen, for example, from the 
following radicals: 

-CH- lu-OX CH 
O 

1N1No1y 7 
O 

O 

~. 
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-continued 

u-Or 
1N OCH2CH2) V 
o (CH2) O-CH=CH: 

-(CH3)2-O-R-O-CH=CH2. 

-(CH)-O-CH=CH-R7 

0098) with R: 
0099 optionally substituted linear or branched 
C-C2 alkylene, 

0100 or arylene, preferably phenylene, option 
ally substituted, preferably with one to three C-C, 
alkyl groups, 

0101 with R7-linear or branched C-C alkyl. 
0102 AS examples of diluent B, consisting of at least one 
functionalized di-, oligo- or polysiloxane fr3, mention may 
be made of those of the following formulae: 

\/ \/ 
s1 S. 

O O 

b) 

Me Me Me Me Me Me 

\/ V/ 
SS-Si 

O O 

Me Me 

c) 

Me Me Me Me 

\/ \/ 
O Z1\1 S- SS-1 

O 

d) 

OM 
(OMe) Me Me $ e) 
y St s a. 

-Ora NO OT SO> O (OMe) 
(nk 10) 



US 2003/0225199 A1 

g) 

h) 

j) 

-continued 

CHCH-CH 

CHCH2CH2 

CH- Si- CH 

CH -Si- CH 

CHCH-CH 

MeSiO 

HC=C-C-O-CH2CH2CH2Si 

CH MeSiO 
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-continued 
O CH3 

C-C=CH 

O 

CH -Si- CH 

O 

CH -Si- CH 

CH2CH2CH2 

O 

-C=CH, 

O CH3 
k) 

O 

CH H2C=CHCOCH2 

RO CH2CH2Si O 
CH 

2 

0103) The silicone diluent B according to the invention is 
leSS important in quantitative terms than the matrix A, which 
constitutes the predominant component of the composition. 
AS regards this composition, these constituents belong to at 
least one of the following Species: 

01.04] O. cycloaliphatic epoxides, taken alone or 
as a mixture with each other: 

0105 epoxides of the type 3,4-epoxycyclohexyl 
methyl 3',4'-epoxycyclohexanecarboxylate: 

0106 or bis(3,4-epoxycyclohexyl) adipate, 
0107 being particularly preferred; 

0108) C.12 non-cycloaliphatic epoxides, taken alone 
or as a mixture with each other: 

0109 epoxides of the type resulting from the 
coupling of bisphenol A and epichlorohydrin and 
of the type: 
0110 alkoxylated bisphenol A di- and trigly 
cidyl ethers of 1,6-hexanediol, of glycerol, of 
neopentylglycol and of trimethylolpropane, 

0111 or bisphenol A diglycidyl ethers, 
0112 alpha-olefin epoxides, NOVOLAC 
epoxides, epoxidized Soybean and linSeed oil, and 
epoxidized polybutadiene, 

0113 being particularly preferred, 
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0114) Cl2 acrylates, taken alone or as a mixture with 
each other; e.g.: 
0115 epoxidized acrylates, preferably the oligo 
mer of bisphenol-A-epoxydiacrylate (EBECRYL 
600), 

0116 acrylo-glycero-polyester, preferably mix 
ture of trifunctional acrylate oligomer obtained 
from glycerol and polyester (EBECRYL 810), 

0117 multifunctional acrylates, preferably pen 
taerythrityl triacrylate (PETA), trimethylolpro 
pane triacrylate (TMPTA), 1,6-hexanediol diacry 
late (HDODA), trimethylolpropane ethoxylate 
triacrylate, thiodiethylene glycol diacrylate, tetra 
ethylene glycol diacrylate (TTEGDA), tripropy 
lene glycol diacrylate (TRPGDA), triethylene gly 
col diacrylate (TREGDA), trimethylpropane 
trimethacrylate (TMPTMA), 

0118 acrylo-urethanes, 
0119 acrylo-polyethers, 
0120 acrylo-polyesters, 
0121 unsaturated polyesters, 
0.122 acrylo-acrylics, 
0123 being particularly preferred, 

0124 Cls linear or cyclic alkenyl ethers, taken alone 
or as a mixture with each other: 

0125 vinyl ethers, in particular triethylene glycol 
divinyl ether (RAPIDCURE(R) CHVE-3, GAF 
Chemicals Corp.), cyclic vinyl ethers or acrolein 
tetramers and/or dimers and the vinyl ether of the 
following formula: 

Me Me 

Me Me 
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0131 Initiation of the photopolymerization and/or 
crosslinking of the composition according to the invention is 
made possible by means of the presence of the cationic 
and/or radical photoinitiator C. 
0132) The cationic photoinitiators can be chosen from the 
onium borates (taken alone or as a mixture with each other) 
of an element from groups 15 to 17 of the Periodic Table 
Chem. & Eng. News, vol.63, No 5, 26 of Feb. 4, 1985 or of 
an organometallic complex of an element from groups 4 to 
10 of the Periodic Table same reference, 
0.133 whose cationic species is selected from: 

0134) 1) the onium salts of formula (I): 

0135) in which formula: 

0.136. A represents an element from groups 15 to 17 
such as, for exemple: I, S, Se, P or N, 

0137) R' represents a Co-Co carbocyclic or hetero 
cyclic aryl radical, it being possible for the Said 
heterocyclic radical to contain nitrogen or Sulphur as 
hetero elements, 

0138 R represents R' or a linear or branched 
C-Cao alkyl or alkenyl radical; the said radicals R 
and R optionally being Substituted with a C-Cas 
alkoxy, C-C alkyl, nitro, chloro, bromo, cyano, 
carboxyl, ester or mercapto group, 

0139 n is an integer ranging from 1 to v+1, V being 
the Valency of the element A, 

0140 m is an integer ranging from 0 to V-1 with 
n+m=V+1, 

O-(CHCH-On-CH-CH-Si-Si-CHCH-(OCHCH)n-O 
O 

0.126 propenyl ethers, 
O127) 
0128 being most especially preferred, 

and butenyl ethers, 

(0129) C. polyols: taken alone or as a mixture with 
each other, preferably the compound of the formula 
given below: 

oco1\1\1\ot 
(CHS)-C- oco1N1)-1Not 

\ O co-1)n-1\1\o H 

0130. Examples of reactive monomers and/or oligomers 
and/or polymers functionalized with epoxy and/or with an 
ethylenically unsaturated radical, Such as an acrylate (cf. 
patent application EP 0,690,074). 

0141) 2) the oxoisothiochromanium salts described in 
patent application WO 90/11303, in particular the Sul 
phonium Salt of 2-ethyl-4-OXoisothiochromanium or of 
2-dodecyl-4-OXoisothiochromanium, 

0142 3) the sulphonium salts in which the cationic 
Species comprises: 

0143) 3 at least one polysulphonium species of 
formula III.1: 

(III.1) 

0144) 
0145 the symbols Ar", which may be identical to 
or different from each other, each represent a 

in which: 
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monovalent phenyl or naphthyl radical, optionally 
Substituted with one or more radicals chosen from: 
a linear or branched C-C, preferably C-C, 
alkyl radical, a linear or branched C-C, prefer 
ably C1-C, alkoxy radical, a halogen atom, an 
-OH group, a -COOH group, an ester group 
-COO-alkyl in which the alkyl portion is a linear 
or branched C-C, preferably C-C, residue, 
and a group of formula -Y-Ar° in which the 
symbols Y' and Arf have the meanings given 
below, 

0146) the symbols Ar, which may be identical to 
or different from each other or with Ar", each 
represent a monovalent phenyl or naphthyl radi 
cal, optionally Substituted with one or more radi 
cals chosen from: a linear or branched C-C, 
preferably C-C, alkyl radical, a linear or 
branched C-C, preferably C-C, alkoxy radi 
cal, a halogen atom, an -OH group, a -COOH 
group, an ester group -COO-alkyl in which the 
alkyl portion is a linear or branched C-C, 
preferably C1-C, residue, 

0147 the symbols Ar, which may be identical to 
or different from each other, each represent a 
divalent phenylene or naphthylene radical, option 
ally Substituted with one or more radicals chosen 
from: a linear or branched C-C, preferably 
C-C, alkyl radical, a linear or branched C-C, 
preferably C-C, alkoxy radical, a halogen atom, 
an -OH group, a -COOH group, an ester group 
COO-alkyl in which the alkyl portion is a linear or 
branched C-C, preferably C1-C, residue, 

0.148 t is an integer equal to 0 or 1, with the 
additional conditions according to which: 
0149 when t=0, the symbol Y is then a 
monovalent radical Y' representing the group of 
formula: 

O150 in which the symbols Ar' and Arf have 
the meanings given above, 

0151 when t=1: 
0152 on the one hand, the symbol Y is then 
a divalent radical having the meanings Yi to 
Y' below: 

0153. Y’: a group of formula: 

0154) in which the symbol Ari has the 
meanings given above, 

0155 Y: a single valency bond, 
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0156 Y': a divalent residue chosen from: 

O157) a linear or branched C-C, prefer 
ably C1-C, alkylene residue and a residue of 
formula -Si(CH)O-, 

0158 on the other hand, in the specific case 
in which the symbol Y represents Y or Y', 
the radicals Ar' and Arf (terminal) have, 
besides the meanings given above, the pos 
Sibility of being linked together via the resi 
due Y consisting of Y', a single valency bond 
or of Y a divalent residue chosen from the 
residues mentioned with respect to the defi 
nition of Y', which is installed between the 
carbon atoms, opposite, located on each aro 
matic ring in an ortho position relative to the 
carbon atom directly linked to the cation S; 

0159) 3 and/or at least one monosulphonium spe 
cies having a single cationic centre S per mole of 
cation and consisting, in most cases, of Species of 
formula: 

(III.2) 
-- Arl-S-Arl 

Ar2 

0160 in which Ar' and Arf have the meanings 
given above with respect to formula (III.1), including 
the possibility of connecting directly between them 
only one of the radicals Ar' to Ar in the manner 
indicated above with respect to the definition of the 
additional condition in force when t=1 in formula 
(II), making use of the residue Y"; 

0161 4) the organometallic salts of formula (IV): 
(LL2LM)'d (IV) 

0162 in which formula: 

0163 M represents a metal from groups 4 to 10, in 
particular iron, manganese, chromium, cobalt, etc.; 

0164) L' represents 1 ligand linked to the metal M 
via at electrons, this ligand being chosen from 
m-alkyl, m-cyclopentadienyl and m'-cyclohep 
tatrienyl ligands and the m-aromatic compounds 
chosen from optionally substituted m-benzene 
ligands and compounds containing from 2 to 4 fused 
rings, each ring being capable of contributing 3 to 8 
It electrons to the valency shell of the metal M; 

0165 L represents a ligand linked to the metal M 
via TL electrons, this ligand being chosen from m'-cy 
cloheptatrienyl ligands and the m-aromatic com 
pounds chosen from optionally Substituted m-ben 
Zene ligands and compounds containing from 2 to 4 
fused rings, each ring being capable of contributing 
6 or 7 telectrons to the valency shell of the metal M; 
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0166 L represents from 0 to 3 identical or different 
ligands linked to the metal M via O electrons, this 
(these) ligand(s) being chosen from CO and NO"; 
the total electronic charge q of the complex to which 
L', Li and Li contribute and the ionic charge of the 
metal M being positive and equal to 1 or 2, 

0.167 the borate anionic species having the formula: 

0168) in which formula: 

0169 a and b are integers ranging, for a, from 0 
to 3, and, for b, from 1 to 4, with a+b=4, 

0.170) 
0171 a halogen atom (chlorine or fluorine) 
with a-0 to 3, 

0172 
0173 the symbols R are identical or different and 
represent: 

0.174 a phenyl radical substituted with an elec 
tron-withdrawing group Such as, for example, 
OCF, CF, NO or CN, and/or with at least 2 
halogen atoms (most particularly fluorine), and 
this being when the cationic Species is an onium 
of an element from groupS 15 to 17, 

0.175 a phenyl radical substituted with at least 
one element or an electron-Withdrawing group, 
in particular a halogen atom (most particularly 
fluorine), CF, OCF, NO or CN, and this 
being when the cationic Species is an organo 
metallic complex of an element from groups 4 
to 10 

0176 an aryl radical containing at least two 
aromatic nuclei Such as, for example, biphenyl 
or naphthyl, optionally Substituted with at least 
one electron-withdrawing group or element, in 
particular a halogen atom (most particularly 
fluorine), OCF, CF, NO or CN, irrespective 
of the cationic Species. 

the symbols X represent: 

an OH function with a=0 to 2, 

0177. Without this being limiting, further details regard 
ing the Subclasses of onium borate and of borate of orga 
nometallic Salts more particularly preferred in the context of 
the use in accordance with the invention are given below. 
0.178 Thus, as regards the borate anionic species, the 
Species which are most particularly Suitable are as follows: 

1": B(CFs). 5': B(CH3(CF)), 
2': (CFS),BF, 6': (B (CHF) 
3': B(CHCF), 7. CFBF 
4': B(CFOCF) 

0179 AS regards the cationic species of the photoinitia 
tor, the following are distinguished: 

0180 1) the onium salts of formula (I), 
0181 2) the oxoisothiochromanium salts of formula 

(II), 
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0182 3) the mono- and/or polysulphonium salts of 
formula (III.1) and/or (III.2), 

0183 4) the organometallic salts of formula (IV). 
0184 The first species 1) are described in many docu 
ments, in particular in patents U.S. Pat. No. 4,026,705, U.S. 
Pat. No. 4,032,673, U.S. Pat. No. 4,069,056, U.S. Pat. No. 
4,136,102 and U.S. Pat. No. 4,173,476. Among these, pref 
erence will be given most particularly to the following 
cations: 

(D), I' ICH7-O--d-I-D (p-CH), II" 
C. His-d-I-d' (CH-O-d). I' (CH-O-d-I-d) 
(D), S' (d)-S-d-O-CH (CH-d--d-CH(CH)." 
Id-S-d-S-(d), (CH-d), II" (CH-d--d-OC.H.' 

0185. As regards the second family of cationic species of 
formule (II) and of oxoisothiochromanium type, it prefer 
ably comprises cations corresponding to the Structure D 
which is defined on page 14 of patent application WO-A- 
90/11303 and which has the formula (II): 

(II) 

0186 in which the radical R has the meaning given in 
that WO patent application as regards the symbol R"; a 
cationic Species of this type which is more preferred is the 
one in which R represents a linear or branched C-Co alkyl 
radical. AS OXoisothiochromanium Salts which are particu 
larly suitable, mention will be made in particular of the 
Sulphonium Salt of 2-ethyl-4-OXoisothiochromanium or of 
2-dodecyl-4-OXoisothiochromanium. 
0187. As regards the polysulphonium cationic species 
(III.1), it will be pointed out that the polysulphonium 
cationic Species preferably comprises a species or a mixture 
of species of formula (III.1) in which: 

0188 the radicals Ar", which may be identical to or 
different from each other, each represent a phenyl 
radical optionally Substituted with a linear or 
branched C-C alkyl radical or with a group of 
formula: 

-o-K) O --( ) s 
0189 the radicals Arf, which may be identical to or 
different from each other and with Ar", each repre 
Sent a phenyl radical optionally Substituted with a 
linear or branched C-C alkyl radical, 

0190 the radicals Ar each represent an unsubsti 
tuted para-phenylene radical, 

0191) t is equal to 0 or 1, 
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0.192 with the additional conditions according to which: 0197) in which the radical Ari has the preferred 
0193 when t=0, Y=Y=: meaning given below in this paragraph, 

0198 Y=a valency bond, y 

-S-Arl 0199 Y'=-O- or -S-, and 
Ar2 0200 on the other hand, when Y=Y or Y and 

when it is then desired to use radicals Ar" and Art 
(terminal) linked together, a link Y' consisting of 

0194) in which the radicals Ar' and Ari have the a valency bond or an -O- residue is installed. 
preferred meanings given below in this paragraph; 

0201 When they are present, the monosulphonium spe 
0195 when t=1: cies which fall within the context of this preferred embodi 

0196) on the one hand, Y=Y° to Y" with: ment are the species of formula (IV) in which the symbols 
Ar' and Arf have the preferred meanings given above in the 
preceding paragraph, including, when these radicals are 

Y2- -- directly linked together by a residue Y', the installation of a 
valency bond or an -O- residue. 

0202 AS examples of cationic Sulphonium species, men 
tion may be made in particular of: 

() ()--. ) 

()--O-O-O 2 
0 O O 3 

()--()--()--( ) 
4 

()--O-O-- ) 
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-continued 
5 

6 

( )-s- )-s-( )-s- )--( )-s-( ) 

7 

8 

. i-K)--( a 
9 

O O 

0203 mixtures, in variable mounts, of species 5+2+ 0205 The borate anionic species is preferably chosen 
optionally 3, from the anions of formula BXR in which: 

0204 mixtures, in variable amounts, of the species 5 0206 the symbols X represent a fluorine atom, 
ith th ies 10 of f la: W e Species 1U or Iormula 0207 the symbols R, which may be identical or 

different, represent a phenyl radical Substituted with 
1O a least one electron-withdrawing group chosen from 

OCF, CF, NO and CN, and/or with at least two 

0208 Given that the borate anionic species of formula 
BXR is preferably chosen from the following anions: 1", 
2',3', 4', 5", 6", 7, the polysulphonium borates which will 
very probably be used are the salts formed by the combi 
nation of the following cations and anions: 
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Cation Anion 

5 
5 
5 

mixtures 5 + 10 
mixtures 5 + 10 
mixtures 5 + 10 

0209 These polysulphonium borates can be prepared by 
eXchange reaction between a Salt of the cationic Species 
(halide Such as, for example, chloride or iodide) with an 
alkali metal Salt (Sodium, lithium or potassium salt) of the 
anionic Species. 
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4,973,722 and U.S. Pat. No. 4,992.572 and European patent 
applications EP-A-203,829, EP-A-323,584 and EP-A-354, 
181. The organometallic Salts more preferably Selected in 
practice are, in particular: 

0217 (m-cyclopentadienyl)(m-toluene)Fe", 
0218 (m-cyclopentadienyl)(m'-methyl-1-naphtha 
lene)Fe", 

0219) (m-cyclopentadienyl)(m-cumene)Fe", 
0220 bis (m-mesitylene)Fe", 

0221) bis (m-benzene)Cr". 
0222 AS examples of photoinitiators of the onium borate 
type, mention may be made of the following products: 

(d) II, B(CFs). (CH)-O-d-I-d), B(CFs). 
ICHs-dd-I-D, B(CFs). (CeH17-old)2II", B(CFs). 
(CH)-O-d-I-d), B(CFs). (d)SI", IB(CFs). 
(d)2S-d-O-CH7, B(CHCF) (C2H2s-d).I., (CEs) 
(P)s S', B(C6F ocFs) (p-CH3).II", IB(CFs 
(d-CH). II", IB(CFOCF) ICH-dd-I-d-CH(CH), B(CFs). 
(n - cyclopentadienyl) (n - toluene) Fe", B(CFs). 
(n - cyclopentadienyl) (n - methyl-1-naphthalene) Fe", B(CFS) 
(n - cyclopentadienyl) (m-cumene) Fe", IB(CFS) 

0210. The operating conditions (respective amounts of 
reagents, choice of Solvents, duration, temperature, stirring) 
are within the capabilities of a perSon Skilled in the art; they 
should make it possible to recover the desired poly Sulpho 
nium borate in solid form by filtration of the precipitate 
formed or in oily form by extraction with the aid of a suitable 
Solvent. 

0211 The procedures for synthesizing the halides of the 
cationic species of formula (III.1) are described in particular 
in: “Polymer Bulletin (Berlin)”, vol. 14, pages 279-286 
(1985) and U.S. Pat. No. 4,400,541. 
0212. According to an alternative concerning the prepa 
ration of the poly Sulphonium borates, these compounds can 
be-prepared directly by reaction between a diaryl Sulphoxide 
and a diaryl Sulphide according to the teaching described in: 
“J. Org. Chem.", Vol. 55, pages 4222-4225 (1990). 
0213 These novel polysulphonium borates can be used in 
the form in which they are obtained after the process for 
their preparation, for example in Solid or liquid form or as 
a Solution in a Suitable Solvent, in monomer/oligomer/ 
polymer compositions which are intended to be cationically 
polymerized and/or crosslinked by activation, for example 
UV activation. 

0214) The monosulphonium species (III.2) under consid 
eration above can be, in particular, the co-products which 
form during the preparation of the polysulphonium cations 
and whose presence can be more or leSS avoided. 
0215 Up to 99 mol %, more generally up to 90 mol % 
and even more generally up to 50 mol % (of cation) of the 
polysulphonium species of formula (III.1) can be replaced 
with monoSulphonium species (III.2). 
0216 AS regards the fourth type of cationic species, 
descriptions of this are given in patents U.S. Pat. No. 

0223) As another literature reference for defining the 
onium borates 1) and 2) and the borates of organometallic 
salts 4), selected as photoinitiator in the context of the SPL 
use according to the invention, mention may be made of the 
entire content of patent applications EP 0,562,897 and EP 
0.562,922. This content is incorporated in its entirety by 
reference in the present Specification. 
0224. As further examples of onium salts which can be 
used as photoinitiator C, mention may be made of those 
disclosed in U.S. Pat. Nos. 4,138,255 and 4,310,469 (Criv 
ello). 
0225. It is also possible to use other cationic photoini 
tiators, e.g.: 

0226 those sold by Union Carbide (photoinitiator 
6990 and 6974 triarylsulphonium hexafluorophos 
phate and hexafluoroantimonate), 

0227 the iodonium hexafluorophosphate or 
hexafluoroantimonate Salts, 

0228 or the ferrocenium salts of these various 
anions. 

0229. The radical photoinitiators used are based on ben 
Zophenones. Examples which may be mentioned are those 
sold by Ciba-Geigy: 

0230 Irgacure 184, 
0231. Irgacure 500, 
0232 Darocure 1173, 
0233. Irgacure 1700, 
0234 Darocure 4265, 
0235 Irgacure 907, 
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0236 
0237) 
0238) 
0239) 
0240 

0241 The radical photoinitiators can contain one or more 
phosphorus atoms, Such as those Sold by Ciba-Geigy (Irga 
cure 1700) or BASF (Lucirin TPO). 
0242. In accordance with the invention, the proportions 
of compounds A, B and C are as follows: 

Irgacure 369, 
Irgacure 261, 
Irgacure 784 DO, 
Irgacure 2959, 
Irgacure 651. 

A: 59-97.99%, preferably 70-97.9%, 
B: 39-1%, preferably 29-1%; 
C: 2-0.01%, preferably 1-0.1%. 

0243 Various combinations are possible as regards the 
matrix A and the diluent B of the composition according to 
the invention. 

0244 Preferably, the composition comprises: 

0245 a matrix (A) based on a mixture of at least one 
of the following species: epoxides (C.), acry 
lateS(C), vinyl ethers (C), polyols (C), preferably 
(O1) and (Cl), and 

0246 a silicone diluent (B) in which the functions 
frE are epoxy and/or acrylate and/or vinyl ether 
and/or hydroxyl, preferably epoxy and/or acrylate. 

0247. It goes without saying, in the case in which the 
Species used are (C.) and/or (C), that the photoinitiator (C) 
is then of the cationic type, whereas, for the species (Cl-) and 
(C) the photoinitiator (C) is of the radical type. 
0248. In practice, it is thus possible, for example, to 
combine monomers and/or oligomers and/or polymers of the 
matrix A containing epoxy and acrylate functions frA, with 
a first diluent B containing epoxy functions and a Second 
diluent B containing acrylate functions. 
0249 According to one variant, the epoxy and acrylate 
functions frA can be borne by different comonomers of the 
matrix A. 

0250 Avantageously, the photoinitiator C is used in solu 
tion in an organic Solvent (accelerator), preferably chosen 
from proton donors and, even more preferably, from the 
following groups: isopropyl alcohols, benzyl alcohols, diac 
etone alcohol, butyl lactate and mixtures thereof. 
0251 Besides the photoinitiator(s) C, the composition 
according to the invention can optionally comprise at least 
one photosensitizer D Selected from (poly)aromatic prod 
ucts-optionally metallic-and heterocyclic products and, 
preferably, chosen from the list of following products: 
phenothiazine, tetracene, perylene, anthracene, 9,10-diphe 
nylanthracene, thioxanthone, 2-chlorothio-9-Xanthenone, 
1-chloro-4-propoxy-9H-thio-9-xanthenone, isopropyl-OH 
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thio-9-Xanthenone, isomeric mixtures 2 and 4, 2-isopropyl 
9H-thio-9-xanthenone, benzophenone, 4-(4-methylphe 
nylthio)phenylphenylmethanone, 4-benzyl 
4'-methyldiphenyl Sulphide, acetophenone, Xanthone, fluo 
renone, anthraquinone, 9,10-dimethylanthracene, 2-ethyl-9, 
10-dimethyloxyanthracene, 2,6-dimethyl-naphthalene, 2.5- 
diphenyl-1-3-4-oxadiazole, Xanthopinacol, 1,2- 
benzanthracene and 9-nitroanthracene, and mixtures thereof. 

0252 For the purposes of the invention, the expression 
“effective amount of initiator System” means the amount 
which is Sufficient to initiate the crosslinking. Advanta 
geously, this effective amount corresponds to 1x10" to 1, 
preferably from 1x10 to 1x10' and even more preferably 
from 1x10 to 1x10° mol of photoinitiator per 1 mol of 
function frA and frB. 

0253) In the case of using a photosensitizer D, the appro 
priate concentration ranges for the latter are 

0254) 1x10" to 1x10" mol/mole of function frA 
and frB, 

0255 preferably from 1x10" to 1x10° mol/mole of 
frA and frB, 

0256) and, even more preferably, from 1x10" to 
1x10 mol/mole of fra and frB. 

0257 To illustrate what the possibilities are for the 
optional ingredients, which are the pigments in E in the 
composition according to the invention, mention will be 
made, for example, of the following products: titanium 
dioxide, kaolin, calcium carbonate, black iron oxide, nitrog 
enous barium Salts, aluminium pigments, calcium borosili 
cate, carbanzole violet, azo pigments, red iron oxide, yellow 
iron oxide, diazo, naphthol, carbon black, baryta, dianisi 
dine, monoarylide, pyrazolone, toluidine, calcium red, 
nitrogenous calcium Salts, nitrogenous barium Salts, dia 
rylide, monoarylide, phthalocyanin, benzimidazoline, 
bronze powder, rhodamine. 

0258. The pigmented compositions according to the 
invention are, for example, inkS. Titanium dioxide allows a 
white ink to be obtained. 

0259 AS regards the other optional additives F, mention 
may be made, by way of example, of dyes, fillers (silicone 
or non-Silicone fillers), Surfactants, mineral reinforcing fill 
ers (which are Siliceous or non-Siliceous), bactericides, 
corrosion inhibitors, binder bases, organosilicon compounds 
or epoxidized compounds, Such as alkoxy Silanes, epoxy 
cycloaliphatics or epoxy ether aliphatics. 

0260 AS regards, more particularly, the case of var 
nishes, these are, needless to Say, free of pigments when they 
are clear Varnishes. In general, the varnishes comprise at 
least one Surfactant and, advantageously, a specific combi 
nation of monomeric, oligomeric and polymeric products in 
the matrix A, i.e. at least one cycloaliphatic epoxide and, 
optionally, at least one epoxide obtained from the coupling 
of bisphenol A with an epichlorohydrin. 
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0261. In a manner which is known per se, the varnishes 
can include in their compositions: flexibilizing agents and/or 
levelling agents (products sold by Byk Chemie or EFKA 
Chem., for example BYK 306, 307, 361, EFKA 31, EFKA 
35) and/or adhesion promoters: e.g. Silanes of the Glymo 
type: 

os-n-ror/ O 
O 

os-n-ror/ O 
O 

O 

O 

CH=CH-CO(CHCHO 

-continued 

Si(OMe)3 

0262 According to an advantageous feature of the inven 
tion, the flexibilizing agent(s) and/or the levelling agent(s) 
and/or the adhesion promoter(s) can comprise, totally or 
partially, the reactive diluent in B e.g. of formula I.1 as 
described above. 

0263. The diluent B can thus assume the functions full 
filled by these various functional additives. This multifunc 
tionality is all the more advantageous Since it requires no 
excess of diluent B. Low doses are Sufficient. 

0264. According to another of its aspects, the present 
invention relates to a Silicone diluent B, as defined above, for 
the preparation of a composition, preferably an ink or a 
Varnish, which can undergo cationic and/or radical polymer 
ization and/or crosslinking by irradiation, preferably actinic 
irradiation, and/or by a beam of electrons, the Said compo 
Sition also comprising compounds A and C and, optionally, 
D, E and F targetted above. 

0265. The examples which follow will make it possible to 
gain a better understanding of the invention and bring forth 
all of its advantages and See a few of its embodiments. 
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EXEMPLES 

I-Starting Materials: 
I.1-Matrix (A): 

0266 
0267 

0268 C.-Monomers with fra=epoxy: 

O 

O 
O O 

0269 (M1) is sold by the company Union Carbide (UVR 
6105 and 6110). 

(M1) 

0270 C-fra: oligomer/epoxyacrylate of the type: 

(AC1) 

th 
OCH2CH2)C-CH=CH 

CH 

0271 Bisphenol containing epoxydiacrylate oligomer 
(Ebecryl 600). 

0272 C-Monomers containing frA=acrylate: 
Mixture of trifunctional oligomeric acrylate obtained 
from glycerol and polyester Sold, for example, by 
Union Chemicue Belge (UCB) (Ebercryl 810) 
(AC2). 

0273 C-Monomers containing fra=OH: 

?oon noon 
(CHS)-C-O co-N1)-1so 

\ O co-1N1-1)so H 

0274 (T1) is sold by the company Union Carbide (TON 
301). 
0275 I.2-Diluent (B): 

1) 

Me Me Me Me 
\/ \/ 

a) Sin,- Si 
O O 

0276 This siloxane a) can be obtained by hydrosilylation 
of vinylcyclohexene monoxide with tetramethyldihydro 
geno-1,3-disiloxane, has a flash point of 200 C. 
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0277 I.3–Photoinitiator C: 

0278 Photoinitiator (P1) (bis+90% w/w and mono. 10% 
w/w) 

s s 

s 

(P1) 
"mono." 

0279) 
0280 The cationic photoinitiator used has the following 
formula: 

at 20% in butyl lactate. 

(P2) 

CH 
-- ) ()- 1-( )- CH: B 

CH 

0281. The radical photoinitiator (P3) is the one sold by 
Ciba-Geigy (Darocure 1173). 
0282 P2 is soluble in P3. 
0283 P1, P2, P3 are used in the form of a solution in 
butyl lactate or isopropanol. 

0284. I.4—Photosensitizer (D): 
0285) CPTX=1-chloro-4-propoxythioxanthone. 
0286 I.5–Pigment (E): 
0287 Concentrated pigment base. A concentrated pig 
ment base is obtained by dispersing: 

0288 700 parts of titanium oxide of rutile type sold 
by Dupont (R960), 

16 
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0289 3.5 parts of a dispersing agent sold by Zeneca 
(Solsperse 24000C) 

0290 296.5 parts of cycloaliphatic epoxy resin (M1) 
sold by Union Carbide (UVR6105), 

0291 in a 2 litre reactor fitted with a central 3-blade 
Stirrer. 

0292. The concentrated pigment base is obtained by 
mixing for half an hour after pouring the titanium oxide 
powder on to the resin/dispersing agent mixture preheated to 
40° C. 

0293 I.6–Other Additives (F): 

(P1) 
"bis." 

0294 Levelling agent sold by the company BYK 
(BYK 306, BYK 307 or BYK 361) or by the 
company EFKA (EFKA35). 

0295 Wetting agent based on polyether silicone, 
sold by the company OSI (Silwet L 7640 or L7644). 

0296) 
tion. 

II-Evaluation of the Properties of the Composi 

0297 RAPRA test-rate of crosslinking: 

0298 An illustration of the various rates of 
croSSlinking is given using films 4 to 25 um thick 
obtained on a UV machine equipped with a Fusion 
lamp of H type. The rate of crosslinking at a given 
throughput Speed and at a measured irradiation 
dose is recorded. It is also possible to crosslink in 
a layer 2 mm thick using a high-pressure mercury 
arc lamp connected to an optical fibre 8 mm in 
diameter, sold by the company EFOS (Ultracure 
100SS). The optical fibre is connected to the 
measuring tank of an RAPRA machine (VNC or 
Vibrating Needle Curemeter). The vibrating 
needle penetrates into the epoxy matrix (1 cm) 
and a potential difference is measured according to 
the degree of crosslinking at a given frequency of 
vibration, which is 40 Hz. When irradiation is 
carried out, the medium reaches the gel point very 
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quickly. This is reflected by a change in the 
measured potential. The curve of change in poten 
tial is recorded throughout the UV exposure and 
the time which corresponds to 95% of the total 
change (T95) is reported, i.e. for example, 0.6 
minutes in the attached FIG. 1. 

0299 Test with MEK: 
0300 This test with methyl ethyl ketone, MEK, 
consists in measuring the number of to-and-fro 
motions which can be carried out on the Surface of 
the varnish with a paper (cellulose wadding) 
soaked in methyl ethyl ketone (MEK) before the 
Varnish is completely degraded. 

0301 Flexibility of the layers by folding on a cylin 
drical mandrel according to AFNOR standard No. 
T30-040. 

Example 1 

0302) The diluent a) is fully miscible in the epoxy matrix 
(M1) or the polyol matrix (T1). 
0303. The behaviour of the crosslinking under ultraviolet 
light of different formulations in the presence of a Sulpho 
nium borate of formula (P1) is studied. 
0304. The three formulations prepared comprise: 

(F1) 5 p (a) 
95 p (M1) 

(F2) 10 p (a) 
90 p (M1) 

(F3) 20 p (a) 
80 p (M1) 

(CF) control formulation 100 p (M1) 

0305 0.5 p of a wetting agent based on polyether sili 
cone, sold by the company OSI (Silwet L7640 or L7644) 
and a Solution of photoinitiator in Vinyl lactate are added to 
these formulations So as to have a given concentration, the 
value of which is specified later in Table 1. 
0306 The crosslinking is studied in a thick layer 
(RAPRA (V. N. C.)) and as a thin layer. 5, 10 and 20 um 
films are prepared using threaded coating bars (Bar 0, 2 or 
3) on an aluminium Support. A few drops of composition are 
used and the aluminium Support is degreased by cleaning 
with propanol or isopropanol. 
0307 Crosslinking tests with a vibrating needle are car 
ried out in a tank 10x10x40 mm in size using 1 cm of 
composition poured into the tank. The bottom of the tank is 
connected to a mercury vapour lamp (high-pressure) via an 
optical fibre. The needle penetrates down to 2 mm from the 
bottom of the tank which receives the beam of light. 
0308 The results obtained during the various crosslink 
ing tests on exposure to ultraViolet light are collated in Table 
I below. 

0309 With the Fusion lamp (type “H”), the minimum 
exposure time at a given throughput Speed to go from the 
liquid State to the non-Sticky Solid State is recorded. The 
degree of crosslinking of the films obtained is also defined, 
by the test with methyl ethyl ketone (MEK). With the 
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mercury vapour arc lamp, in the case of the crosslinking as 
a 2 mm thick layer with RAPRA (vibrating needle), the 
minimum exposure time to reach 95% crosslinking (T95 
defined above) is recorded. 

TABLE I 

Lamp Rapra (V.N.C) 
Photo- “H” (Fusion) MEK dose: 1.1 J/cm’ 

Test initiator (120 W/cm)* (test)** T95 in S 

F1 (5 um) 2.5 x 103 >52 m/min 4 h?s-200 245 
F1 (10 um) molf 52 m/min 4 h?s-200 

3 passes 

F1 (10 um) 23 m/min 4 h?s-200 
2 passes 

F2 (5 um) 2.5 x 103 >52 m/min 4 h?s-200 245 
F2 (10 um) molf 52 m/min 4 h?s-200 

3 passes 

F2 (10 um) 23 m/min 4 h?s-200 
2 passes 

F3 (5 um) 2.5 x 10 >52 m/min 4 h?s-200 210 
F3 (10 um) molf 52 m/min 4 h?s-200 

3 passes 

F3 (10 um) 23 m/min 4 h?s-200 
2 passes 

FT (5 um) 2.5 x 10 s.52 m/min 4 h/>200 245 
FT (10 um) molf 52 m/min 4 h?s-200 

3 passes 

FT (10 um) 23 m/min 4 h?s-200 
2 passes 

*passes = number of passages required at the speed considered in order to 
obtain a touch-dry surface, 
**MEK: >200. After 100 to-and-fro motions, the film is still intact. Stor 
age time at 20° C. after irradiation at the end of which the measurement is 
taken. 
All the supplemented formulations crosslink perfectly in the presence of 
this epoxidized silicone, the viscosity of which is 50 mPa s. 

Example 2 

0310. The rate of crosslinking and the nature of the 
network obtained after adding T1 to the matrix (A) in 
addition to M1, which makes it possible to improve the 
flexibility of the resin after crosslinking, is now compared. 

0311. The ratio OHIMepoxy='4. 

0312 The new control formulation (CF) becomes: 

85 p of (M1), 
15 p of (T1). 

Various amounts of silicone diluent (a) are added: 
(F1) 80.75 p of (M1), 

14.25 p of (T1), 
5 p of (a), 

(F2) 76.5 p of (M1), 
13.5 p of (T1), 
10 p of (a), 

(F3) 68 p of (M1), 
12 p of (T1), 
20 p of (a). 

0313 0.5 p of the same wetting agent (Silwet L7640) as 
in the preceding example and a fixed known amount of 
photoinitiator are added. 

0314. The same lamps as previously are used. 
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0315. The results obtained during the various tests are 
collated in Table II below. 

TABLE II 

Lamp Impact Pencil 
“H” strength hardness/ 

Test Photo- (Fusion) MEK 24 h. Persoz 
Film (e um) initiator (120 W/cm)* (test)** inch-21 24 h. 

F1 (20 um) 5 x 103 3 m/min: 1 hi? 100 15 H/269 
molf 1 pass. 

F2 (20 um) 5 x 10 8 m/min: 1 hf.88 2O H/250 
molf 1 pass. 

F3 (20 um) 5 x 103 23 m/min: 1 hf.80 3O H/346 
molf 1 pass. 

FT (20 um) 5 x 10 3 m/min: 1 hi? 130 1O H/230 
molf 1 pass. 

*1 pass.: limiting throughput speed of the conveyor which makes it pos 
sible to obtain a touch-dry surface in a single passage, 
**MEK: duration of storage at 20° C. after irradiation at the end of which 
the measurement is taken (1 hour). Maximum limiting number of to-and 
fro motions which the film can tolerate. 

0316. It is seen, in particular, that the silicone (a) makes 
it possible to increase the rate of crosslinking and the 
hardness of the films, while at the Same time improving the 
impact strength (before). 
0317. In particular, it is not necessary to add a lot of 
silicone (a) s30% w/w in order to obtain a spectacular 
effect. 

Example 3 

0318. The effect of (a) added in an organic matrix based 
on cycloaliphatic epoxides (M1), polyol (T1) and in the 
presence of a levelling agent (BYK 306) is also evaluated. 
03.19. In this example, the photoinitiator is an iodonium 
borate of formula (P2) added as a 33% w/w solution in 
isopropanol: 

(P2) 

CH 
-- 

CH 

0320 The following formulations were evaluated using 
RAPRA (cf. Table III and Table IV) for 0.5% and 1% of 
photoinitiator, respectively. 

TABLE III 

Reference F4 F5 F6 

M1% 82.7 66.1 57.45 
T1% 14.7 11.6 10.40 
Byk 3.06% 1.1 O.8 O.65 
P2 % 0.5 0.5 0.5 
a) in % O 2O 3O 
Isopropanol % 1.O 1.O 1. 
Rapra (V.N.C) dose 0.4 J/cm? T95 s 690.O 510 42O 
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0321) 

TABLE IV 

Reference F7 F8 F9 

M1% 81.4 64.8 56.3 
T1% 14.7 11.4 10.1 
Byk 3.06% 1.1 O.8 O.6 
P2 % 1. 1. 1. 
a) in % O 2O 3O 
Isopropanol % 2 2 2 
Rapra (V.N.C) dose 0.4 J/cm? T95 s 18O 150 130 

Example 4 

0322 Formulation and Evaluation of White Inks Con 
taining a Reactive Diluent of the Type Claimed According to 
the Invention. 

0323 This concentrated pigment base is formulated with 
or without Siloxane diluent (a). 

TABLE V 

Reference F10 F11 

Conc. pigment base E 76 78 78 
Diluent a) in % 1O O 
T1% O 5 
M1% 7.9 12.9 
BYK 361% 1.5 1.5 
P2 % 1. 1. 
CPTX* 9% O.6 O.6 
Isopropanol % 1. 1. 

*CPTX = 1-chloro-4-propoxythioxanthone used as photosensitizer. 

0324. The photoinitiator is added in the form of an 
isopropanol Solution. 
0325 The various constituents are added and mixed 
together until dissolution of the thioxanthone CPTX is 
complete, before adding the concentrated pigment base. 
0326. The drying of the inks is evaluated on a UV 
machine from the company Fusion, fitted with a gallium 
doped mercury lamp. This lamp, which has a power rating 
of 120 W/cm, was calibrated using a Powerpack cell from 
the company EIT, So as to determine the intensity and the 
dose received as a function of the throughput Speed of the 
machine. 

0327. At a throughput speed of 23 m/min, the sample 
receives: 

0328 UVA(320-390 nm)=0.157 J/cm; UVB(280 
320 nm)=0.068 J/cm; 

0329 UVC(250-260 nm)=0.013 J/cm; UVV(390 
440 nm)=0.490 J/cm. 

0330. At a throughput speed of 43 m/min, the sample 
receives: 

0331 UVA(320-390 nm)=0.088 J/cm; UVB(280 
320 nm)=0.038 J/cm; 

0332 UVC(250-260 nm)=0.006 J/cm; UVV(390 
440 nm)=0.416 J/cm. 

0333. The resistance to solvents of the inks obtained after 
drying 12-3 um films is measured, by measuring the number 
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of to-and-fro motions required, carried out using a cloth 
Soaked in Solvent to disintegrate the ink layer, 1 hour after 
exposure and 24 hours after exposure. In this case, the 
solvent used is methyl ethyl ketone (MEK). 

TABLE VI 

Speed; 23 m/min: 23 m/min: 43 m/min: 43 m/min: 
formulation F10 F11 F10 F11 

Crosslinking OK 1 pass OK 1 pass OK 1 pass OK 1 pass 
MEK (1 h) 70 25 3O 5 
MEK (24 h) >2OO 8O >2OO 50 
Ø (mm) smallest mandrel 3 mm 3 mm 3 mm 3 mm 
cylinder 

Example 5 

0334) Hybrid Formulations of the Matrix (A) Based on 
Epoxy/Acrylate with an Epoxy Diluent. 
0335 Table VII below gives the compositions of the tests 
F12 to F17. 

TABLE VII 

Reagents (%) F12 F13 F14 F15 F16 F17 

Matrix A (AC2) 97 96 3O 3O 3O 76 
M1 O O 56 53.4 39 O 
T1 O O 1O 9.6 7 O 

Diluent a) O O O O O 2O 2O 
Photo- P2 O 1. 1. 1. 1. 1. 
initiator P3 3 3 3 3 3 3 

Iso- O O O 3 O O 
propanol 

0336 Drying of These Hybrid Formulations: 
0337 The drying of the inks is evaluated on a UV 
machine from the company IST, fitted with two 200 W/cm 
lamps, a gallium-doped mercury lamp and an undoped 
mercury lamp. 
0338. At a throughput speed of 23 m/min, the sample 
receives: 

0339 UVA(320-390 nm)=0.372 J/cm; UVB(280 
320 nm)=0.334 J/cm; 

0340 UVC(250-260 nm)=0.044 J/cm; UVV(390 
440 nm)=0.662 J/cm. 

0341. At a throughput speed of 43 m/min, the sample 
receives: 

0342 UVA(320-390 nm)=0.145 J/cm; UVB(280 
320 nm)=0.145 J/cm; 

0343 UVC(250-260 nm)=0.018 J/cm; UVV(390 
440 nm)=0.343 J/cm. 

0344) At a speed of 100 m/min, the calibration is not 
Significant, given the response time of the cell. The resis 
tance to Solvents of the inkS obtained after drying 12 um 
films on aluminium (Bar No. 2) is measured by noting the 
number of to-and-fro motions required, carried out using a 
cloth Soaked in Solvent to disintegrate the layer of ink after 
half an hour. In this case, the solvent used is methyl ethyl 
ketone (MEK). 
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0345 The evaluation results without a cover of nitrogen 
are as follows. 

TABLE VIII 

Reagents (%) F12 F13 F14 F15 F16 F17 

V (m/min) 1OO 1OO 1OO 1OO 1OO 1OO 
MEK >100 >100 40 40 50 40 
Adhesion 3 3 1. 1. O O 
V (m/min) 50 50 50 50 50 50 
MEK >100 >100 70 90 1OO 8O 
Adhesion 3 3 1. 1. 3 3 

*Adhesion according to NFT 30038: 
5 + 0% adhesion, 
O = 100% adhesion. 

0346) The siloxane diluent (a) makes it possible, by 
Virtue of its low Viscosity, to facilitate the spreading on the 
Support and the mixing of the constituents. 
0347 The formulations using the reactive diluent noted 
as (a) have particularly advantageous behaviour on drying. 
They lead to better adhesion without a major loSS of Setting 
Speed or of resistance to the Solvent. 

Example 6 

0348 Radical Formulations with a Matrix (A) Based on 
Acrylates. 

0349 The drying of the inks is evaluated on a UV 
machine from the company IST, fitted with two 200 W/cm 
lamps; a gallium-doped mercury lamp and an undoped 
mercury lamp. 

0350. The calibration of the lamps is the same as previ 
ously. 

0351) The formulations used are described in Table IX 
below. 

TABLE IX 

Reagents % F18 F19 F2O F21 

Matrix A (AC1) 97 96 O 28.5 
(AC2) O O 85.3 59 

Diluenti) O O 10.9 7.5 
Photoinitiator P3 3 4 3.7 5 
V (m/min) 1OO 1OO 1OO 1OO 
MEK no surface cure no surface cure no surface 35 

Cie 

Adhesion not applicable not applicable 5 5 
V (m/min) 50 50 50 5 
MEK no surface cure no surface cure 1O 60 
Adhesion not applicable not applicable 5 5 

* Adhesion according to NFT 30038: 
5 = 0% adhesion, 
O = 100% adhesion. 

0352. The evaluation results without a cover of nitrogen 
are as follows. 

0353 The siloxane diluent (P) allows very good incor 
poration of AC1 without harming the polymerization. 

1. Composition which can undergo cationic and/or radical 
polymerization and/or crosslinking by irradiation, prefer 
ably actinic irradiation and/or with (a) beam(s) of electrons, 
characterized in that it comprises: 
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A. at least one polymerizable organic matrix and/or at 
least one partially polymerized organic matrix, com 
prising (co)monomers and/or (co)oligomers and/or 
(co)polymers chosen from those containing epoxy (C.I) 
and/or acrylate (C2) and/or alkenyl ether (Cl-) and/or 
hydroxyl (C) reactive functions (fra), with the exclu 
Sion of cycloaliphatic epoxides (C.); 

B. at least one Silicone diluent with a reduced Viscosity mr 
at 25 C. of less than or equal to 200 mPa.s, preferably 
less than or equal to 150 mPa.S, and even more pref 
erably less than or equal to 100 mPa.S, and comprising: 

at least one unit of formula (I): 

in which: 

a=0, 1 or 2, 

R" is identical to or different from the radicals similar 
thereto with the same exponent and represents an 
alkyl, cycloalkyl, aryl, Vinyl, hydrogeno or alkoxy 
radical, preferably a C-C lower alkyl, 

Z is an organic Substituent comprising at least one 
epoxy and/or acrylate and/or alkenyl ether and/or 
hydroxyl reactive function (frB), with the condi 
tion that at least a portion of the functions (frB) is 
of the same nature as at least a portion of the 
functions (frA) of the matrix A, 

and at least two silicon atoms, 
C. an effective amount of at least one cationic and/or 

radical photoinitiator, 

D. optionally, at least one photoSensitizer, 

E. optionally, at least one pigment, 

F. optionally, at least one other additive. 
2. Composition according to claim 1, characterized: 

in that cycloaliphatic epoxides are not excluded from the 
list of possible constituents for the matrix (A), 

and in that the diluent (B) has a metal concentration of 
less than or equal to 100 ppm, preferably less than or 
equal to 50 ppm and even more preferably less than or 
equal to 20 ppm. 

3. Composition according to claim 1 or 2, characterized in 
that the diluent (B) has a coloration of less than or equal to 
200 Hazen, preferably less than or equal to 150 Hazen and 
even more preferably less than or equal to 100 Hazen, this 
diluent B being, in addition or alternatively, Soluble to a 
proportion of at least 5%, preferably at least 10% and even 
more preferably at least 20% by weight in the matrix A. 

4. Composition according to any one of claims 1 to 3, 
characterized in that the silicone diluent B is obtained by 
hydrosilylation of a Synthon bearing an ethylenically unsat 
urated function and a function Frausing a Silicone oil, in the 
presence of a heterogeneous catalytic composition compris 
ing a metal chosen from the group consisting of Co, Rh, Ru, 
Pt and Ni, deposited on an inert Support. 

5. Composition according to any one of claims 1 to 4, 
characterized in that the diluent (B) corresponds to at least 
one of the following general formulae: 

20 
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(I.1) 
(frB).(R), Si-O-(frB),(R)SiOH-T 

in which: 

T=R or Si (R), (frE), 
x+y=3; X=1 to 3; y=0 to 3; 
b+c=2; b.c=0,1 or 2; 
u--v=3; u,v=0 to 3; 
Osins 15; 

R° and Rare identical or different and correspond to the 
same definition as that given for R' in formula (I), 
C-C lower alkyl and/or alkoxy radicals being particu 
larly preferred as radicals R and Ra, respectively, 

frE being as defined above in the passage which concerns 
the substituent Z of formula (I), 

--- 
in which: 

d+e=2; d=1 or 2; e=0, 1 or 2; 
o+ps 15, preferably s 10; oa1; 

(1.2) 

R" and Rare, respectively and together, identical to or 
different from each other and correspond to the same 
definition as that of R given above. 

6. Composition according to any one of claims 1 to 5, 
characterized in that the functions frB are chosen from the 
following radicals: 

-CH- -(X CH 
O 

1N1No1\7 
O 

O 

~. 
O 

-Or 
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-continued 

1N OCHCH- V 
o (CH2) O-CH=CH: 

-(CH3)2-O-R-O-CH=CH2. 

-(CH)-O-CH=CH-R7 g) 

with R: 

optionally Substituted linear or branched C-C alky 
lene, 

or arylene, preferably phenylene, optionally Substi 
tuted, preferably with one to three C-C alkyl 
grOupS, 

with R7=linear or branched C-C alkyl. 
7. Composition according to any one of claims 1 to 6, h) 

characterized in that the diluent (B) consists of at least one 
functionalized polysiloxane frB of the following formula: 

Me Me Me Me 
V / V / 
Si Si 
no1 

O O 

b) 

Me Me Me Me Me Me 

\/ \/ 
So,1. S. 

O O 

i) 
Me Me 

c) 

Me Me Me Me 

V/ \/ 
O 21\->1.SS-1, 

O j) 
d) 

OM 
(OMe) Me Me S e) 
y Y s a. 

-Ora YO OT SO> O (OMe) 
(nk 10) 

e) 

Miss - Me 
M6 y 
M- O Me \{y 
1. 

Me Me 

f) 

O 

O 

HC=C-C-O-CHCHCHSi 

CH 

O 

O 

-continued 

(OMe) 
V 
Si 
7 No 

(OMe) 

O 
/ M 

CHCH-CH2 
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Me Me 
V / 
Si 

CH-Si-CH 

O 

CH-Si-CH 

CHCH-CH2 

O 

| 

a ". 
C-C=CH 

CH2CH2CH2 

O 

MeSiO 

MeSiO 

CH -Si- CH 

O 

CH -Si- CH 

CH2CH2CH2 

i-ch, 
O CH3 

2 
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-continued 
k) 

O 

tic-cloch, th 
O)-cat O du, 

2 

8. Composition according to any one of claims 1 to 7, 
characterized in that the constituents of the matrix Abelong 
to at least one of the following Species: 

C, cycloaliphatic epoxides, taken alone or as a mixture 
with each other: 

epoxides of the type 3,4-epoxycyclohexylmethyl 3',4'- 
epoxycyclohexane carboxylate: 

or bis(3,4-epoxycyclohexyl) adipate, being particularly 
preferred; 

Dec. 4, 2003 

multifunctional acrylates, preferably pentaerythrityl 
triacrylate (PETA), trimethylolpropane triacrylate 
(TMPTA), 1,6-hexanediol diacrylate (HDODA), tri 
methylolpropane ethoxylate triacrylate, thiodiethyl 
ene glycol diacrylate, tetraethylene glycol diacrylate 
(TTEGDA), tripropylene glycol diacrylate 
(TRPGDA), triethylene glycol diacrylate 
(TREGDA), trimethylpropane trimethacrylate 
(TMPTMA), 

acrylo-urethanes, 

acrylo-polyethers, 

acrylo-polyesters, 

unsaturated polyesters, 

acrylo-acrylics, 

being particularly preferred, 

Cls, linear or cyclic alkenyl ethers, taken alone or as a 
mixture with each other: 

Vinyl ethers, in particular triethylene glycol divinyl 
ether (RAPIDCURE(R) CHVE-3, GAF Chemicals 
Corp.), cyclic vinyl ethers or acrolein tetramers 
and/or dimers and the vinyl ether of the following 
formula: 

M M 

Me Me 
-o-calo-al-al- -cial-out-o- O 

C.12 non-cycloaliphatic epoxides, taken alone or as a 
mixture with each other: 

epoxides of the type resulting from the coupling of 
bisphenol A and epichlorohydrin and of the type: 

alkoxylated bisphenol Adi- and triglycidyl ethers of 
1,6-hexanediol, of glycerol, of neopentyl glycol 
and of trimethylolpropane, 

or bisphenol A diglycidyl ethers, 

alpha-olefin epoxides, NOVOLAC epoxides, epoxi 
dized Soybean and linseed oil, and epoxidized polyb 
utadiene, being particularly preferred, 

C-2) acrylates, taken alone or as a mixture with each other; 
C. 9. 

epoxidized acrylates, preferably the oligomer of 
bisphenol-A-epoxydiacrylate (EBECRYL 600), 

acrylo-glycero-polyester, preferably mixture of trifunc 
tional acrylate oligomer obtained from glycerol and 
polyester (EBECRYL 810), 

propenyl ethers, 

and butenyl ethers, being most especially preferred, 

C. polyols taken alone or as a mixture with each other, 
preferably the compound of the formula given below: 

9. Composition according to any one of claims 1 to 8, 
characterized in that the proportions of compounds A/B/C 
are as follows: 

A: 59-97.99%, preferably 70-97.9%, 
B: 39-1%, preferably 29-1%; 
C: 2-0.01%, preferably 1-0.1%. 

10. Composition according to any one of claims 1 to 10, 
characterized: 
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in that it comprises: 

a matrix (A) based on a mixture of at least one of the 
following species: epoxides (C.), acrylates (O), 
vinyl ethers (C), polyols (C), preferably (C.1) and 
(C2), 

and a silicone diluent (B) in which the functions frB are 
epoxy and/or acrylate and/or vinyl ether and/or 
hydroxyl, preferably epoxy and/or acrylate, 

and in that when the Species used are (C.1) and/or (O), 
then the photoinitiator (C) is a cationic polyamino acid, 
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whereas, for the species (O2) and (Cl), the polyamino 
acid is a radical polyamino acid. 

11. Use of the silicone diluent (B), as defined in one of 
claims 1 and 3 to 7, for the preparation of a composition, 
preferably an ink or a varnish, which can undergo cationic 
and/or radical polymerization and/or crosslinking by irra 
diation, preferably actinic irradiation, and/or by a beam of 
electrons, the Said composition also comprising compounds 
A and C and, optionally, D, E and F targetted in claim 1. 
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